INTRODUCTION
Studies of bovine parathyroid glands indicate that parathyroid hormone (PTH)1 is synthesized from a larger precursor designated as proparathyroid hormone (Pro-Some of the individual species could represent cleavage products in situ or during isolation procedures. It is possible therefore that there might exist a yet larger prohormone containing even more additional amino acid residues than does the present ProPTH.
In addition to the presence of the prohormone in the bovine parathyroid gland, ProPTH exists in parathyroid glands of chicken (7) and rat (8) , and its synthesis has recently been documented in human parathyroid adenoma (4, 9, 10) . These findings suggest that the prohormone-hormone pathway for the formation of PTH in the parathyroid gland is common in all higher animals. 2 The term "ProPTH" as used in this paper is synonymous with "calcemic Fraction-A," the name originally applied by us to this substance (1. 2).
The Journal of Clinical Investigation Volume 52 December 797.3 .3089 FRACTION FIGURE 1 CM cellulose chromatography of human parathyroid TCA powder. The TCA powder was prepared from 10 mg of incubated (3 h) and 2 g of frozen human parathyroid gland tissue. This preparation was dissolved in 0.01 M ammonium acetate, pH 5.3, and applied to a CM cellulose column (7 X 80 mm) equilibrated with the same buffer. The column was eluted with a linear ammonium acetate gradient (total vol 120 ml) from 0.01 M, pH 5.3, to 0.30 M, pH 7.0. Each fraction contained 3.0 ml. Portions of 0.1 ml were assayed. Immunoreactivity is expressed as immunoreactivity PTH equivalents (I-PTH) per aliquot. Radioactivity is shown as dpm per portion.
Currently there is considerable interest in certain circulating peptide fractions related to glandular PTH. These molecules, none of which have been isolated, are reported to be smaller than PTH (11) (12) (13) (14) . At least one of these fractions appears to be biologically active (15) . From radioimmunoassay with a variety of antisera, it appears that a major fraction of these peptides consists of fragments of PTH that contain the carboxyl-terminal end of the hormone (14) . Although it is clear that one route of formation of these peptides is via cleavage of PTH after its secretion (12) , it is not ruled out that in addition some molecular species might be directly released from the gland. Furthermore, should ProPTH be secreted in addition to PTH, it is possible that some of the circulating peptides might be derived from the prohormone.
Consequently, it is of importance to determine the steps of formation of PTH in the normal human gland, to characterize those glandular peptide molecules related to the hormone, and ultimately to relate these if possible to the circulating species. The present report demonstrates that human postmortem parathyroid glands can incorporate radioactive amino acids into PTH and indicates that the hormone is formed from ProPTH as it is in parathyroid glands of other species.
METHODS
Human parathyroid glands were obtained at autopsy from 55 men over a period of 6 mo. In general, the tissue was dissected within 10 h after death and was stored frozen. These patients (lied from a variety of causes unrelated to parathyroid disease and (lid not have hypercalcemia.
The glands for the short-term incubation studies were obtained from four subjects within 3 h after death and were immediately transferred to the laboratory. These four patients ranged in age from 46 to 83 yr; two died of liver cirrhosis; one, of lung cancer; and one, of intestinal obstruction. Before death the levels of serum calcium and inorganic phosphate of these patients were all within normal limits. None of the cases had signs or symptoms of hyper-or hypoparathyroidism.
In each incubation study, two glands (about 50 mg total wt) from the same subject were trimmed of fat and connective tissue, cut into small pieces, and incubated at 370C in 0.5 ml of Tris-containing buffer containing 10 mM glucose and 1.25 mM CaCl (8) . 30 min later, the tissues were transferred to 0. At the end of various periods of incubation, 4.5 ml of icecold 8 M urea-0.2 M HC1 containing 0.1 M cysteine and 10 mM each of nonradioactive leucine and lysine were added to terminate the reaction, and the mixture (gland and medium) was homogenized. In one of these experiments, the batch of nonradioactive human parathyroid tissue stored frozen (approximately 2 g in weight) was similarly homogenized and added to the homogenate of the incubated fresh tissue. In the remainder of the experiments, a homogenate of 4 g of nonradioactive bovine parathyroid glands was added to each fresh human tissue homogenate to increase the amount of tissue protein in order to minimize losses of material in the subsequent purification procedure (16) .
Unless stated otherwise, the trichloroacetic acid (TCA) powder method' for isolating PTH and ProPTH was followed (2, 16) . This procedure includes organic solvent and salt fractionation and TCA precipitation to yield a preparation called TCA powder, followed usually by Sephadex G-100 gel filtration and carboxymethyl (CM) cellulose column chromatography. Under these conditions, the recovery of radioactivity was 65% from Sephadex columns and 60% from CM cellulose columns. The recovery from CM cellulose columns could be increased to 90-95%o by inclusion of 8 M urea in the elution gradients, but the ratio of the two major peaks (PTH and ProPTH) remained constant. When indicated, the gel filtration step was deleted, and the TCA powder was applied directly to the ion-exchange column.
In order to compare the hormone and prohormone fractions obtained by the TCA-powder method and those by the urea-HCl-extract method, fresh gland slices were extracted with 8 M urea-0.2 M HCl-0.1 M cysteine as described (3) . The proteins in the extract were twice precipitated and resuspended with 10% TCA and 0.1 N NaOH, respectively. They were precipitated again as above, resuspended in H20, and lyophilized. The resultant dry powder was extracted with 8 M urea-0.1 M acetic acid. Samples of the final extract were subjected to electrophoresis both on polyacrylamide gels at pH 4.4 containing 10%o acrylamide, 0.25% bisacrylamide, and 8 M urea, and on polyacrylamide gels at pH 7.4 containing 10%o acrylamide, 1.5% bisacrylamide, 0.1% sodium dodecyl sulfate (SDS), and Radioimmunoassay was performed as described earlier (16) , employing guinea pig anti-bovine PTH antiserum (GP-6) at a final dilution of 1: 100,000. "'I-labelcd bovine PTH was used as tracer. Homogeneous bovine PTH prepared in this laboratory (16) was used to construct the standard curve. Human PTH (derived from the batch preparation described above) and the homogeneous bovine PTH yielded parallel curves in this assay.
[ FIGURE 2 Gel filtration of mixed human and bovine parathyroid TCA powder. The TCA powder was prepared from 30 mg of human parathyroid gland incubated 3 h and 4 g of frozen. bovine parathyroid tissue. The preparation was dissolved in 6 ml of 0.14 M ammonium acetate, pH 4.8 buffer, and filtered through a 2.5 X 40-cm column of G-100 Sephadex (superfine). The same buffer was used to elute the column. Fractions of 2.7 ml were collected, and portions of 0.5 ml were assayed. Data are expressed as dpm per portion. Void volume = 62 ml (Fraction 23). Inner volume = 160 ml (Fraction 60). Fig. 3 were eluted. Human PTH again was eluted slightly earlier than the bovine PTH. The presence of the human radioactive prohormone in parathyroid glands was also confirmed by the method of Human ProPTH and PTH Kemper et al. (3) . Fig. 4 portrays urea-polyacrylamide gel patterns of the radioactive extracts obtained from radioactive human parathyroid tissue by the urea-HCl extract method. On the gel that did not contain SDS (Fig. 4A ) a major band of radioactivity migrated more rapidly than did the immunoreactive PTH. On the gel containing SDS (Fig. 4B) In order to ascertain that the major radioactive band developed on each gel was equivalent to the ProPTH isolated from CM cellulose chromatography by TCA powder method, the following experiment was performed. Portions of the gel containing the immunoreactive and radioactive bands were extracted with acetic acid. These extracts were pooled, mixed with bovine parathyroid TCA powder, and subjected to CM cellulose chromatography. The elution pattern for the extract from the gel that did not contain SDS is shown in Fig. 5. (That for the extract from the SDS-containing gel was essentially the same and is not illustrated.) The major radioactive peak (fractions 32-36) corresponded to ProPTH. A smaller peak (fractions [15] [16] [17] [18] [19] , eluted earlier than the bovine PTH protein peak (fractions [17] [18] [19] [20] , corresponded to human PTH. Also noted in the elution profile were several minor unidentified radioactive peaks that accounted for more than one-third of the recovered radioactivity. Fig. 6 shows the kinetics of synthesis of ProPTH and PTH. The incorporation of radioactivity into ProPTH began promptly. PTH synthesis, in contrast, lagged initially and then accelerated (Fig. 6A) . After electrophoresis, each was cut transversely into 1.5-mm slices. One half of each slice was dissolved in H202 and assayed for radioactivity. The remaining halves were extracted at 4VC overnight with 0.5 ml of 0.1 M acetic acid. Portions of 0.1 ml of the extracts were subjected to radioimmunoassay. The data are expressed as immunoreactive PTH equivalents (I-PTH) per portion.
incubation with [3H]amino acids (pulse period) was followed by incubations with nonradioactive amino acids (chase period), the amount of radioactive ProPTH rapidly decreased (Fig. 6B) . The radioactive PTH, on the other hand, increased for an additional 30 min and then decreased. These patterns of incorporation and discharge of radioactivity were similar to those previously noted for the synthesis of prohormone and hormone in bovine and rat tissues (4, 8) , and support the concept of a precursor-product relationship for the two peptides in human parathyroid glands.
DISCUSSION Within a few hours after death, human parathyroid glands were still functional in terms of their ability to incorporate amino acids into PTH and ProPTH in an in vitro system. The hormone and prohormone were identified in the CM cellulose eluates and in polyacrylamide gel electrophoretograms by their relatively high levels of radioactivity, their elution or migratory positions, and their immunoreactivity. The time-course of incorporation of radioactivity and the pulse-chase data are in accord with a precursor-product relationship for the two molecules. These data, together with the similar results obtained from glands of other species, strengthen the conclusion that the formation of PTH from Pro-PTH represents a general pathway for PTH synthesis in higher animals (4, 7-10).
The finding of only a small peak of immunoreactivity corresponding to the ProPTH (Fig. 1 ) in the human gland is similar to that reported for the bovine gland and could be explained for the same reasons: a smaller amount of prohormone than PTH in the tissue and a smaller degree of reactivity of the prohormone to the antiserum (4). Whether, in fact, human ProPTH and PTH differ in their reactivity to antiserum GP-6 can not be determined at this time, since neither peptide was sufficiently purified in the present study to allow such a comparison.
In the present study, ratios of radioactive ProPTH to PTH varied from 3: 1 to 1: 1. These values are in the range reported for human adenomatous tissues (9) , and normal bovine (4) and rat parathyroid glands (8) . We have shown previously that this ratio is affected by several factors. For example, a low dietary calcium intake appears to increase both the pool size of ProPTH in the glands and the proportion of ProPTH molecules converted to PTH (8) . Both of these parameters affect the observed radioactive ProPTH/PTH ratio. Moreover, because ProPTH/PTH ratio continuously decreases during the radioactive incubation period, (Fig. 6A) , fortuitous changes in synthetic or degradation rate could markedly affect the radioactivity recovered in the hormone and prohormone. Therefore the physiological significance of differences in this ratio in the glandular tissue from one subject to another cannot be assessed without further study.
We observed that during cochromatography on ionexchange columns, PTH from human glands was always eluted earlier than the bovine hormone ( Fig. 3 and 6 ). (Fig. 5A) were combined, adjusted to pH 5.0 with NH40H, and diluted with H20 to yield a conductivity of approximately 1 mmho. Bovine TCA powder prepared from 4 g of parathyroid tissue was mixed with this solution and applied to a CM cellulose column as described in the legend of Fig. 1 The earlier-eluting character of human PTH compared to bovine PTH upon ion-exchange chromatography in the presence or absence of 8 M urea implies that the human hormone is slightly less basic in ionic character than its bovine counterpart. Since the partial amino acid sequence (residues 1-34) of human PTH has been elucidated recently (17, 18) and shown to be more basic than or equally basic to the counter-portion in the bovine hormone, the present data predict, therefore, that the remaining portion of human PTH (residues 35-84) must be significantly less basic in ionic character than the counter-portion in bovine PTH. In addition to the comparison of PTH molecules, the possibility of differences in ProPTH molecules remains to be studied.
It was not determined in the present study whether or not ProPTH was released into the medium during the incubation of parathyroid gland slices. If such were the case, it is possible that ProPTH might similarly be secreted from the gland in situ. Such an event would contribute to the pool of PTH-related peptides detected in the blood (11) (12) (13) (14) . Moreover, the immunoactive substances that were detected in glandular extracts (e.g., Fig. 1 ) might represent some turnover products of the hormone or prohormone and might exist in the gland in vivo. These species, too, might be released by the gland, and could further contribute to the complexity of the circulating hormonal peptides. It is apparent that further studies involving chemical comparisons are required in order to clarify the potential relationships between the glandular and circulating species.
